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Stable Channel Design for the Gravel-bed River
Considering Design Constraints
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Abstract Stable channel design is to determine the width, depth and slope for satisfying the condition that the
upstream incoming sediment rate is equal to the sediment transport rate at the design channel. Therefore, the most
sensitive variable when designing a stable channel is the selection of a sediment transport equation applied for the
channel design. Especially if in the case of gravel beds the designer uses the equation developed by using the data
of sand rivers, the calculation result of the stable channel section has large errors. In this study, the stable channel
design has been applied to the gravel bed river using the previous stable channel design program with newly added
the sediment transport equation for gravel beds; and the stable channel section considering design constraints has been
produced by using the analytical method.

As results, in the case of the application with the fixed width, the depth predicted by Ackers and White’s equation
was the shallowest and Meyer-Peter and Miiller’s equation was 0.8 m deeper than the current section of 2.4 m. In
the case of the application with the fixed depth, the width predicted by Engelund and Hansen’s equation was twice
wider than the current section and by Meyer-Peter and Miiller’s equation was 20 m wider than the current section
of 44 m.

Key Words : Gravel-bed River, River Restoration, Sediment Transport Equation, Stable Channel Design

B d7e SREAEE =dedTAg e dTuAg271E8Ac02)0 o FRE AU
*Corresponding Author : Eun-Kyung Jang(Korea Institute of Civil Engineering and Building Technology)
Tel: +82-31-910-0188 email: jang@kict.re.kr

Received February 2, 2015 Revised (I1st March 12, 2015, 2nd March 20, 2015)
Accepted April 9, 2015 Published April 30, 2015

2860



plkeis

=
y

o]

12445

R

Z=0
=

kst AT

3

2

}

k)
yal

/\}O] %%/S} oﬂ ﬂ} -

[e]

T

. ME

freel
—~
.ﬁL w:O‘I
= X R’ k- o
— xﬂlﬁvlfo‘_%mﬂi
° J,Alﬂ,mﬁo:i}._ o.@ﬂ_oliolr
= ,lﬂﬂoovﬁﬂmﬁ_uu;%o&eoiAﬂo K B om 8
= LY o TR g Ao%maﬂgaﬂr;T@N
i HLO;OL 9EHE‘.F0L. —_—
= =) N =X T =% 9 o T
. Ki = o T Aq_lméo»b_urx.
w mr o Ot,lo_n_/ua_.quMﬂAAVL;onm
B 5 Hd%mak.ﬂo%nﬂoowEEL.ﬁﬁzmw %o B ok
v ol Ry 5 F o & m R . o o W
g o ZOT] WA T o 40&0,mEE1| o ®o 5 1} o]
Moy K %%Jﬁo%zﬁd%wL%%%Nw S am%ov%
N EimazT%Eo?o#%E Emmlqﬁoi . Jx_.._%ﬂamov
N N pe © M o = ) iommoT Luw-ﬂro# o N o =] il o o o X2
i An mﬂ@ovﬂ.mudﬁwoﬁomom@%ﬂrMﬂ Poanzdl
~ — R =0 X 1.4Hol1r4 - T = H
T,_oe - 7]L [Ji.Az o) \EX kel —~
X o <0 |ﬁ|dlbtd|ihmeﬂ_m_ﬁ_.3ﬂnzﬂﬁi wbao_mﬁ g __P_ZﬁA e
= = ¢ T %o ” G ol oF B 8w
A T [ ._ﬂmﬂheW%quJL&oRﬁLbﬂoimP:‘_zm m oumuuov_t
o . 5 Um Mﬂ ﬂu%ﬁ% ﬂﬂ%ﬂ.ﬂot .MAW WI%MEHHI_]&L o 7 m_.__._ B owﬂdﬂ
U N MoAu] 7EW_nno€JA| mﬂo._ = Mo ™ 2 uoguiﬂﬂ
= H m%ww@ﬂo%@a@}m%?m? P ompiut
ok X zﬂMmmumWﬂiﬁmﬂ@qwﬂzﬂﬂHm . m_.._75%7
w ! —_— = < g @ 7o _—
! Sw M 3&%%@@@ T o WS £ E%%@M
ﬂﬁ F eTMMu__/.LdﬂﬂLlnﬂm_.J 7 m_xummOﬁ.
nﬂew:_lldhﬂro ‘mﬂﬂo.#o,lz - E];o%oﬂe
Eve w5 iﬂuﬂd Nromﬂ,ﬁlcu] = a HArri
T oW W T CRCH @ﬁrﬂMW S %@Nr,éﬁr
wﬂﬂ}mﬁmﬂﬂrgﬂrla E¢ﬂ.o”ﬂEﬂ.0l‘IL5 ] L_Alocn_ﬁoﬂ_moﬂl.
ﬂﬂ{‘w‘ﬂo T EE O-Hmrﬁo Z.o N N — OL‘HWWOW 1..M
T OW T o#a il =D X =g ‘mla‘._ﬂv!‘ur . N o umOO
B = W o5 umo o0 ofF <A T ol 1ﬂLa _,_%,mMﬂ,_ou i o ~ hm‘_ o
o Pt %o o © o 2 == = o
xﬂfodm@_ﬂﬂ? BB o N EEXLEESE = o gy
= W oW o W do T 5 B o= o X I et
o °F I T A = B X T B T = o Ao
Edmoﬂafmwg%ﬂa ﬂ%&%@?ﬁﬂ.gﬂé}yﬁuuﬂr.mwwtoapuio%
_dwwﬂdﬂ%am_mwﬂ OEATOywﬁ%?gmﬂemnﬂ%&%ﬂwwq&%wﬁ P
o o me = =TI W %0 B 0 == 0 N of W o cliolice o T
ﬂwzgigm_c?w mo%wm_@@mmmﬁ@g%@.ﬂ@ﬂﬁﬁ@.%@w@ T b
q@omm%_mgambf E@wx%%%WMﬂHﬂmqummbwganwm B E
ﬂﬁ%@iﬁwwwcﬂ %ﬂwﬂ%%%EAﬁwwmoé%w”wvo_@?mﬂdma.% 5k o
== _Z T ~ _o,._.o_,Ll _— = —_— e _ 0
wﬁmﬂ%%mkgﬂ%% mE%M]mmmﬁ;.me%o%%wcﬂéoﬂn%mrgﬁwwﬂw T R
= X o) Ko s <~ T e o [ = o) o T o o)) — of =0 (3 T = —
K o o. ™ W ‘.“_Mo T oF ﬁﬁ — PR RO ma o] ) par W M = W g T %% %o K %o o ol = T H _ﬂ,|e <) Nwo o7 o <
o oY X L ddﬁo}Lkﬁo4]E4_s Lge?% i@.ﬁaﬁobc@ =T urmma <
o oo Y o 14 JJ o J St do ® = s 4 g T e op =
i — % o oF = ® S gk o < 9 ! o5 P Ao < T
Howuﬁ_s_sﬂolxw%}d aqo%zju.ﬁolaﬂjalﬂ e ) T2 =
ﬂ:@sEﬂ@ﬂgwﬁéﬂwm%auﬂ%ﬂ %%lmrgﬁye T o G B e o
SEEEEIEI 00T @ﬁ@%ﬂ%;ﬂ%do@a%qﬁgﬂ$W% 253
~ = e = [e— - v o iy o' —_ Iyl
5w 5 qﬁiﬂﬂgﬁmwxm@_aﬂ@.%%ﬂwmx%m%%@ﬂﬁgm bz o4
ol ! 5 i b nm HA_m A RO A R0 <0 B ol m < o o X ) RG] oF X oF 7o) )
TR T _suzﬂ.AJV@Mil AJzoovoAHEz._s A ol X
- X 3 ~ ,DTUEH AT 11.__.A| m AR ot ) e " OF _ xR o Jldlﬂml o
< X BE E B w° T o_dl Jo o= T B X =
}%o%ﬁ%ﬁ%%ﬂfr@%mbcc moow_mmurﬂ%mi
7%ouﬂ1rM%EmaLﬂﬂﬁi7%?ﬂ%’m_
N o K Nlumﬁoﬁonﬁm_iﬂl@a ,Wvo
7_%%;0%Eﬁ%%gu%
~ B ML@%
o) o &

2861



A &esl=EA) A16d A4T, 2015

Asl7) 918 Al 7HA) Y F RkA
el WALl sdss frEe 1t
o] 7§ Meislarz} sz WA Fol| W) 1 Fhol
2= Qlu) B ool A B %M}%C’ x];z;% Ml FE
sl dubEel B

= Maryland ol ¢ ]O}L %

=
WA L 59 AEE

%2 s 918 A aw 3 T
£ohs WHolthFig. 2(a). £ ATellAE Fetem o}l
o] ol TH AAE E83ted No. 43 TS Ve
2 WAl 3062 msE AAEA
Top of bank
Floodplain Inflection
pomt
K27 L,
/7 /// Active Channel

-
=
o

.ﬂ
B
&

—

S

E %
L
~~

Elevation (m)
S
L
N

TR
s B
s b

§

109
0 20 40 60 80 100 120 140

Station (m)

(b)
Fig. 2. Bankfull Discharge (a) Indicators [7] (b) Result
using HEC-RAS

SHIE YEEE(Fig 3)9 3hd ZeAld e 474 3
] =

[6]14 A|Zst tloleE Fgatglo

FTYUA2 199 mmz AAEHE Ao Z e ot
At AAE A A9z T 7P Al s
|

A B AN E FAlolgEA et ole} A}
olg32 B AR weol wEA ASAEE $45
At FH49 e 24L Fgsiol gk

100

20 /
o 80 [
H
w70
£, i
g 50
5 w
[
Z a0
a
K 20

10

0

0.1 1 10 100

Sieve size (mm)

Fig. 3. Particle Size Distribution of Bed Materials

AFAA A He A B 1
7t A F A e} e A5 2 100
el Ahol7k U shl ol HZA|she] wlme] A

5 591 Ji[10]9] Aol
AN ZAT AR
2 O%Ei %A}% FA o7 AR e} vwshs A
= He A7} Ackers and White[11],
ung[13], Brownlie[14] &2 2.2 AF
Adt GA T} v A dx)ehg

Engelund and Hansen[8] &4 2.2 44k fAFFS tha

:I:ﬂ
i)
[
o
>~
>

X
rl

i
=
ol
=
=
r O
iy
of
o
Lo
&
Okﬂ

Yang[12], Shen and
AT e A4 &

NILI

SpepE s Roz tehdh oA Ak A
FAtolE A Ae 0 Age Angl ils Fae

AFS 1|7 Wil AFF o Fpg AF3] sk

Q1 2238 21Q1 Meyer-Peter and Muller[17] %
v &g maletd T4 Ackers and White[11] 2

Engelund and Hansen[8], Brownlie[14] &4 7 A&
ato] ePgstedtd AN A} gE nlaEA e dert

s

2862



-

3. ot&ot=E THH A4

3.1 Copeland g

AWpPgAL] S A Aol H45el o
4 = s ofel ATAE o)

2 AASEE At YHES
AbE ATk o2t o) |AA WHE T Copeland©]
WA18] AAE S gt HF B A
Al 71 wol o] &=L glom ngHtte] ofs) st
% SAM(Stable Channel Analysis Model) .3l A | &
stal Sle EAdE W F oshuelth o] e
Abou-Seida®} Saleh WH[19]17} AP 3709 WX
% 27NE WA ALkstar AARTE A 39 v A|FE oy
N £74E5 5 A4 210 4 AFTA F-4 21050
71 A3 shuE AEste s Hojgith SAM Ry

& 7e] £7H0] ok ol o] £FHE HFAo

AN T Ha FREs e EFAE o] AAE
THS]). ¥ i=RolME Copeland[18]9] #1414 SHdet=

A ) AN el ES 8T AR A4

s
A5 F oA 24E Aol gl& wf USACE21]9l <]
Z YA S 43 duE|E(Fig 4a)

A S
oF & A FAS JEAEE AAS & gE HA
£ A3 Fig. 4(c)). ol AXAES B8 45 ol
A 7o) obgelE WS AAIEkaL B8k

2863

START

Qc, d(dgs, dso,d16), Ss: Sy ms, €

o= vz
b = (10213 (¥,

€>C":Dx99% - D
L— €<C':Dx101% - D

P (i)z
~\r%s

By, = By + AB,
D, =1/,8,

By =By — ABy
D, =1/,B,

By = W — (25,D)

A= (B +SsD)D

Upper Regime
Ry = 0.2836d500.

o= (o1,

€>C":Dx99% - D
L4 €<C':Dx101% - D




A &esl=EA) A16d A4T, 2015

START

Qe d(dga, ds0,di6), Ssy Sv, M5, € D

F=

1
S \[w_ v = it

Regime

0.034d5,"*

C>C':Byx99% - By
L-| c<c':B,x101% - B,

s (Y
“\r%A

Fig. 4. Algorithm for Stable Channel Design Calculation
[19] (a) using the Stable Width Equation and (b)
with the Geomorphologic Constraint by Channel
Width and (c¢) with the Geomorphologic
Constraint by Channel Depth

a1 54 ZAel #Ept FBHE ZZ0IM)
OrMSIE AA|
B g 9709 geke AA AsE 4
T4 Aol whet geiston sl Wab gl
20049 Ak thgat 2

}AARR] 0.0043S vle £ 4387 m
2 7oz 7} GAjoleAE ALY oA E AAL
of wla] F3 FARI AR YERITHFig. 5(a)).
Engelund and Hansen[8] ¥219] ¢ @A dHz} 73
Z 2kol S yehlen oy a8 AR 0.00132 AlAISH
At A4 5491 Meyer-Peter and Miiller[17] 52
o] b sMAARL 0.0023S AASte] @A sl
0.0029] #Feo]7} 3li= Aoz yeputth dA] 4 24 m
o} SPAL 000435 71F 02 G bASkE H7F At
(Fig. 5(b)), Ackers and White[l11] 4] 0.0036,

d
it

1y

Brownlie[14] 522 0.0031, Meyer-Peter and Miiller[17]
T2 0.003, Engelund and Hansen[8] 29 7%
0.00162 AIAI3FSA

0.006.

Ackers and White (1973)  ------ Brownlie (1981)

0.005 ‘ < Engelund and Hansen (1967) — — MPM(1948) ~

0.0043 [« £ 3
0.004 o

¥ 0003 e

slope s
\

0.002 et

0.001

4043.87 &0 80 100 120 140 160 180
Base Width (m), B,

(a)

Ackers and White (1973)  =----- Brownlie (1981)

o 20

0.006

0008 . Engelund and Hansen (1967) — — MPM(1948)
: \

0.0043
0.004 \,

§ 0003

Slope, S

0.002

0.001

3 4
Depth (m), D

(b)

Fig. 5. Calculation Results of Relations between (a)
Stable Slope (S) and Base Width (Bb); and (b)
Stable Slope (S) and Depth (D)

4.2 5t=2Q| W7t HMgtE ZzZioAe etEst

] 43.87 me| W3}
7} Zﬂ"ﬂﬂmﬂr%i 3t SFABIE AL} AL AHA

SUCHFig. 6). WE AR BA0IA WA AT A
Ag AN 1Y e 5

Ackers and White[11] &2 o]1.o.H
2.90 me] A& Mfﬂog%ﬂ AA 4191 2.40 m¥} oF
0.5 m Zpo)7} 9= A S 2 e 5
Hansen[8] &2 7Hd 22 41<1 3.67 mE AAISHA
FAlel Hl3] 1.5 me] #o|7} =
Aoz uyehgth AAsd 349 Meyer-Peter and
Miiller[17] 521¢] 79 320 m¢] ¢HA 418 A|A 6k
A Rz 0.8 me] Zkel7h HAYStSitH(Table 1.).

=3} Engelund and

o
)
o
rlr
1 o
2
_C:L
R

2864



Depth(m)
I

----- MPHM (1948)

15 - - -Ackers and White (1973)
Engelund and Hansen (1967)

- - - Brownlie (1981)

1 ——Current Section

f———— Base Width:43.87m —1
Fig. 6. Comparison of Stable Depth Calculations with the
Fixed Base Width

Table 1. Calculation Results of Stable Channel Section
with the Fixed Base Width

Base Width Slope Depth
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Hansen[3] 0.00129 3.67 m
Brownlie[14] 0.002536 313 m
Current Section 0.0043 240 m
EE @A) HEES V) FoR § A B4 At
B o] FA ThdZgAL 0.00430] Hlsl Rtk At
& AAshs Ao Yepth 7P 53 A A
T2 Ackers and White[11] 321 2.2 0.0035042] A}
& A|A3F Y. Engelund and Hansen[8] 342 7173 ¢
qkel ZA1 0.001295 AAEFH 2H, Meyer-Peter and

Miiller[17] &41¢] 79- 0.0023225 A8 Aoz U
EbsktH(Fig. 7).

=== o (1938

Distance (m)
Fig. 7. Comparison of Stable Channel Slope with the
Fixed Base Width

il
)
ro,
Ry
oy
e
2
o)
g
1o
-
>,
r o
[\)
&
=)
et
=
oX,
ot
o

oo

o

< S AlAE
Ackers and White[11] 3212 -9 60.56 m= &)
of wa oF 14u] W dEFS AAEEeH
Engelund and Hansen[8] 3242 8547 mE #| A5}
A spEel vla) o 2u]e] Afol7} 9l ASR YR
2281 84?1 Meyer-Peter and Miiller{17] ¥212] 73
9 67.18 mo] SPHEHEE AAste] A A= 233
me] 7ol 7} M AVEI A H(Table 2).

R

an g §3 o g

m>~

D=24m

20 0 20 40 80
rrrrr MPM (1948)

Engelund and Hansen (1967)
——Current Section

- Ackers and White (1973)
— - -Brownlie (1981)

Fig. 8. Comparison of Stable Base Width Calculations

with the Fixed Depth

Table 2. Calculation Results of Stable Channel Section
with the Fixed Depth

Base Width Slope Depth
MPM[15] 67.18 m 0.002973
Ackers and
White[11] 60.56 m 0.003782
Engelund and 85.47 m 0.001686 24 m
Hansen(8]
Brownlie[14] 6531 m 0.003175
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